Small cell carcinoma of the bladder is extremely rare, accounting for <1% of all malignant tumours in the urinary tract. Thus, no standard therapy modality for this malignancy has been established. This study aimed to retrospectively analyse the clinical outcomes associated with definitive radiotherapy for small cell carcinoma of the bladder. A questionnaire-based survey of patients with pathologically proven small cell carcinoma of the bladder treated with definitive radiation therapy between 1990 and 2010 was conducted by the Japanese Radiation Oncology Study Group. The clinical records of 12 eligible patients were collected from nine institutions. The median age of the patients was 70.5 years (range: 44-87 years), and the median follow-up period was 27.3 months (range: 3.3-117.8 months). The median prescribed dose was 60 Gy (range: 50.0-61.0 Gy), and a median of 2.0 Gy (range: 1.2-2.0 Gy) was administered per fraction. Systemic chemotherapy combined with radiotherapy was performed in eight cases (66.7%). The 3-and 5-year overall survival rates were 50.0% and 33.3%, respectively. And the 3-and 5-year local control rates were 66.7% and 55.6%, respectively. Chemotherapy significantly improved overall survival and relapse-free survival (P = 0.006 and 0.001, respectively). No serious adverse events occurred in the observation period. All patients who achieved local control maintained functional bladders. In conclusion, radiotherapy is a potential local treatment option and has an
INTRODUCTION
Extrapulmonary small cell carcinoma can be diagnosed in almost any organ [1] , but small cell carcinoma of the bladder is extremely rare, accounting for only 0.5-0.7% of all malignant tumours of the bladder [2] [3] [4] . The Japanese Radiation Oncology Study Group (JROSG) conducted a research survey of all bladder cancers treated with radiotherapy from 2002 to 2006 in Japan, and small cell carcinomas of the bladder accounted for <1% of all bladder cancers [5] . Due to its rarity, no multicentre retrospective analysis has focused on small cell carcinoma of the bladder, and no standard treatment for this cancer has been established.
The origin and histogenesis of small cell carcinoma of the bladder remain unclear, but it is thought that this disease originates from the totipotent stem cells in the bladder submucosa [6] [7] [8] . Molecular changes associated with small cell carcinoma of the bladder include deletions at 10q, 4q, 5q and 13q [6] . These molecular biological findings are also commonly observed in small cell lung carcinoma [6, 7, 9] , suggesting that the clinical courses of these two diseases are similar [3] . Therefore, we hypothesized that, similar to small cell lung carcinoma, small cell carcinoma of the bladder may be highly sensitive to radiotherapy and chemotherapy.
The purpose of this study was to retrospectively analyse the outcomes associated with radiotherapy for small cell carcinoma of the bladder. In a previous study, we retrospectively analysed the data for patients with small cell carcinoma of the bladder who underwent definitive radiotherapy from 2007 to 2012 in our hospital and related hospitals [10] . The bladder was preserved in all cases, indicating the effectiveness of a bladder-sparing approach to radiotherapy for this disease [10] . However, further investigation was deemed necessary owing to the small sample size in that study. Therefore, we collected clinical data from institutions affiliated with the JROSG, which is a non-profit organisation and the only research organisation to have conducted a nationwide survey on radiation therapy in Japan.
MATERIALS AND METHODS
A questionnaire-based survey of patients with pathologically proven small cell carcinoma of the bladder treated with definitive radiation therapy between 1990 and 2010 was conducted. Patients who had received definitive radiotherapy and had been treated using a bladder-sparing approach were eligible for the survey. The primary end point was overall survival. The secondary end points were local control and progression-free survival. The outcomes were assessed from the first day of radiation to the day of an event. Local control failure was defined as recurrence in the irradiation field. Progression-free survival was defined as the period from the first day of radiation to the day on which local recurrence, distant metastasis, or death occurred. In this study, bladder preservation is defined as: patients maintaining their bladder function without serious dysuria and able to urinate by themselves. This study was approved by the Institutional Review Board at the Yamagata University School of Medicine (Approval Number: 329). Informed consent was waived because the participants' data were deidentified.
Statistical analysis
The cumulative rates of overall survival, local control, and progression-free survival were calculated using the Kaplan-Meier method, and survival curves were created. Tumour response to radiotherapy was evaluated using Response Evaluation Criteria in Solid Tumors ver. 1.1 based on the different imaging modalities available in each hospital. Patients were classified into subgroups according to characteristics of patients, modality of treatment, and prescribed dose, and the survival of the patients in each subgroup was tested via a log-rank test. Meanwhile, adverse events were evaluated according to the Common Terminology Criteria for Adverse Events ver. 4.03 [11] . The χ 2 test was conducted to evaluate significant differences in the frequency of early or late adverse events of Grade 3 or higher in patients who did and did not undergo chemotherapy. The Radiation Therapy Oncology Group and the European Organization for Research and Treatment of Cancer late radiation morbidity scoring system was used to evaluate the occurrence of late adverse events [12] . All statistical analyses were performed using SPSS 20 software (SPSS Inc., Chicago, IL), and a P-value of ≤0.05 was considered significant.
RESULTS

Patient characteristics
The clinical records of 12 eligible patients were collected from nine institutions. The patients' characteristics and treatment characteristics are shown in Tables 1 and 2 , respectively. The median age of the 12 patients was 70.5 years (range: 44-87 years), and most patients (91.7%) were men. Localized disease (TXN0-1M0), according to the clinical stage of the small cell lung carcinoma, accounted for 83.3% of the cases. Chemotherapy was used in eight cases (66.7%): the regimen most frequently used was the platinumbased regimen for small cell lung carcinoma in Table 2 .
Radiotherapy
The median prescribed dose was 60.0 Gy (range: 50.0-61.0 Gy), and the median dose per fraction was 2.0 Gy (range: 1.2-2.0 Gy). Hyperfractionation was performed in only two cases (16.7%). The initial clinical target volume was the whole pelvis in eight cases (66.7%). The clinical target volume was decreased to only the tumour or lymph nodes as a boost after initial radiation in two of the eight cases. The other four patients received irradiation to the whole bladder without the pelvic lymph nodes or small pelvis. Prophylactic cranial irradiation was not performed.
Survival
The posttreatment clinical course of each patient is shown in Table 3 . The median follow-up period was 27.3 months (range: 3.3-117.8 months), and the 3-and 5-year survival rates were 50.0% (95% confidence interval: 0.22-0.78) and 33.3% (95% confidence interval: 0.07-0.60), respectively ( Fig. 1 ). All patients showed an initial complete or partial response within the irradiation field. However, four cases (33.3%) showed relapse within the irradiation field during the follow-up period. Additionally, no patients required salvage surgery. Of all patients, eight maintained bladder functionality, thus the bladder preservation rate was 83.3%. The median local control period was incalculable (range: 1.7-128.7 months), and the 3-and 5-year local control rates were 66.7% (95% confidence interval: 0.36-0.97) and 55.6% (95% confidence interval: 0.23-0.88), respectively ( Fig. 1) . The median progression-free survival period was 11.3 months (range: 1.7-114.5 months), and the 3-and 5-year progression-free survival rates were both 33.3% (95% confidence interval: 0.07-0.60) (Fig. 1) . The most frequently observed site of recurrence was distant metastases (n = 7, 58.3%) followed by regional lymph nodes (n = 4, 33.3%). Distant metastases were observed in the liver, bones, para-aortic lymph nodes, and lungs. Two cases (16.7%) showed metastasis in the brain. The median overall survival period was 55.3 months (range: 7.7-117.8 months) for patients who received chemotherapy and 4.7 months (range: 3.3-27.3 months) for those who did not receive chemotherapy (Fig. 2) . Meanwhile, the median progression-free survival period for those who did and did not receive chemotherapy was 30.3 months (range: 6.2-114.5 months) and 2.0 months (range: 1.7-11.2 months), respectively (Fig. 3) . Overall survival and progression-free survival were significantly different between the patients who did and did not receive chemotherapy (P = 0.006 and P = 0.001, respectively).
Adverse events
Regarding early adverse events, Grade 1 urinary frequency and Grade 1 haematuria occurred in four cases each (41.7%), and haematotoxicities of Grade 1-3 were frequently observed. No toxicities of Grade 4 or higher occurred during the follow-up period. One patient developed symptoms of ileus in the 20 days after the start of radiotherapy, but the symptoms improved with conservative treatment. This patient was diagnosed with radiation enteritis. No late adverse events of Grade 3 or higher occurred. The bladder was preserved in all patients during the follow-up period, and none of the cases required urinary tract construction or urinary diversion. No significant differences were observed in the frequencies of early or late adverse events between the patients who did and did not receive chemotherapy.
DISCUSSION
This study is the first to analyse the results of a nationwide survey in Japan on small cell carcinoma of the bladder treated with definitive radiotherapy. Although the efficacy of transurethral resection of the bladder tumour or radiotherapy combined with systemic chemotherapy has been shown in several recent retrospective analyses [13] [14] [15] , few studies has focused on the bladder-sparing approach.
The treatment and outcomes of small cell carcinoma of the bladder reported in the current and prior studies are shown in Table 4 . Lohrisch et al. [16] analysed 10 patients treated with multi-agent chemotherapy and local irradiation and reported overall survival rates of 70% at 2 years and 44% at 5 years. In another retrospective analysis of 17 patients with localised small cell carcinoma of the bladder who were treated with sequential chemoradiation, the median overall survival period was 32.5 months, and the estimated 5-year survival rate was 36% (confidence interval: 0.14-0.61) [17] . In a similar retrospective analysis of 17 patients with localized small cell carcinoma of the bladder, the median overall survival period was 26 months, and the 5-year overall survival rate was 22.2% [18] . In those studies, although the sample size was small, sequential chemoradiation for small cell carcinoma of the bladder was shown to be beneficial. No clinical trial on radiotherapy for small cell carcinoma of the bladder has compared the results of radiotherapy and cystectomy as local treatments. However, some retrospective studies reported no significant difference in survival between patients who received cystectomy and those who did not receive cystectomy (Table 4 ) [19, 20] . Especially in patients with nonmetastatic disease, a radical cystectomy did not significantly influence the overall survival or the disease-free survival [20] . Our results are comparable with or better than those of previous studies regarding bladder-sparing treatment. However, the presence of selection bias cannot be ruled out, as only elderly people and patients with comorbidities were included. Previous studies have reported that the percentage of patients in whom the bladder is preserved during the observation period of local treatment is as high as 82-100%, with no serious adverse events [17, [21] [22] [23] . In this study, the bladder preservation rate was 83.3%, because two patients with local relapse required conservative treatment for urinary obstruction (Table 4 , Patients 4 and 10). However, the bladder function of four patients experiencing a local relapse was maintained within a range of 7-54 months. Patients who are treated with total cystectomy lose their bladder function immediately after surgery and are forced to undergo urinary diversion, which impairs their quality of life. Given its potential in improving the quality of life of patients with small cell carcinoma of the bladder, radiotherapy should be considered as a local treatment option for patients without a surgical indication and for those seeking an alternative to cystectomy.
Relatively few studies on the dose and irradiation field for small cell carcinoma of the bladder have been conducted. The median dose we used was similar to that reported in other studies [17, 20, 21, [23] [24] [25] . In patients with limited-stage small cell carcinoma of the bladder, those receiving a total radiation dose of ≥54 Gy had significant improvements in overall survival compared with those receiving a dose <54 Gy [26] . The present study showed no significant differences in survival according to the total dose (P = 0.799). The optimal irradiation field for small cell carcinoma of the bladder patients is difficult to define because of the rarity of the disease.
Irradiation of the whole bladder and regional lymph nodes is considered to be important, considering the tendency of rapid progression and microinvasion of small cell carcinoma of the bladder. At present, it is difficult to recommend prophylactic cranial irradiation owing to the lower incidence of brain metastasis in patients with small cell carcinoma of the bladder than that in patients with small cell lung carcinoma [27] [28] [29] . Further studies are needed to identify the optimal dose and irradiation field for small cell carcinoma of the bladder. We found that systemic chemotherapy combined with radiotherapy improved the patients' overall survival and progression-free survival. Systemic chemotherapy is an important treatment modality for small cell carcinoma of the bladder because of the possibility of micrometastasis, even in local disease. Platinum-based chemotherapy has been frequently used for patients with small cell carcinoma of the bladder according to the regimen accepted for small cell lung carcinoma [18, 24, 25] . A platinum-based agent plus etoposide was used in many patients in this study, and the treatment was well tolerated. Similar results associated with systemic chemotherapy for small cell carcinoma of the bladder have been reported previously [24, 30, 31] .
We acknowledge that due to the retrospective nature of our analysis, no definitive conclusions regarding treatment can be provided. However, because the bladders were preserved well in this study and adverse events were acceptable, as has been previously reported, our results provide important information on bladder-sparing radiotherapy for this rare disease.
Preservation of the bladder can be achieved using radiotherapy in patients with small cell carcinoma of the bladder. Radiotherapy has an important role with regard to the patient's quality of life and is likely to become an option for local treatment. In addition, the findings from this study suggest that chemotherapy combined with local radiotherapy improves survival. Fig. 3 . Progression-free survival curves for small cell carcinoma of the bladder patients who received local radiotherapy with chemotherapy and local radiotherapy without chemotherapy. Kaplan-Meier survival curves are shown for patients with small cell carcinoma of the bladder stratified according to radiotherapy with chemotherapy (solid line), or without chemotherapy (dashed line). This study 2019 12 LD (10), ED (2) TURBT ± RT 67% 33% 27 LD = local disease, ED (TXN2-3M0-1) = extensive disease, N/A = not available, TURBT = transurethral resection of the bladder tumour, RT = radiotherapy, OS = overall survival, N.S. = no significant difference.
